Background: Endophytic non-streptomycetes group of actinomycetes from Hibiscus rosasinensis leaves were screened for biosurfactant, polythene, plastic, and diesel biodegradation activities. Biosurfactant activity was evaluated by hemolysis, drop-collapsing test, lipase production, oil-spreading technique, bacterial adhesion to hydrocarbon (BATH) assay, penetration assay, and emulsification assay. Similarly, polythene, plastic, and diesel biodegradation activity were also carried out. Findings: Among the five non-streptomycetes isolates, only one newly found actinomycete isolate named as A9 exhibited significant biosurfactant and biodegradation activity. Based on Bergey's manual of systematic bacteriology, the strain A9 was similar to Nocardiopsis sp. Molecular characterization and phylogenetic analysis support the classification of the isolate as a new strain which was named as Nocardiopsis sp.mrinalini9. The isolate was closely related to the type strain of Nocardiopsis synnemataformans sharing a 16S rRNA gene sequence similarity of 99%. The partial 16S rRNA sequence of the isolate (1061 bp) was deposited in Genebank under the accession number KF909126. Still, DNA-DNA hybridizations, phenotypic comparisons, and chemotaxonomic analysis need to be performed to confirm its novelty. Conclusion: It is evident from the study that rare endphytes associated with medicinal plants has got excellent hydrocarbon biodegradation capacity.
Introduction
Surfactants like wetting agents or petroleum derivatives lower the surface tension between two liquids or between a liquid and a solid. But, they are non-degradable leading to toxic effects. To solve this difficulty, eco-friendly microbes were explored for biosurfactant property with high solubility, high biodegradability, and low toxicity with diverse applications.
Though plastic and polythene are durable and strong with wide applications, they seem to be non-degradable leading to severe pollution issues by disturbing the whole ecosystem. Even their recycling are not followed widely due to economic viability.
Similar to plastic issues, even the hydrocarbons like petrol and diesel spills seem to be the global environmental pollutant causing deleterious pollution effects in spite of being the principle source of energy. Successful application of bioremediation technology solely depends on in situ application of a microbial consortium with high biodegradation capacity.
Yousaf et al. [1] isolated hydrocarbon degraders Pseudomonas, Arthrobacter, Enterobacter, and Pantoea species from the root and stem tissues of Italian ryegrass and birds foot trefoil vegetated in hydrocarbon-contaminated soil. Similarly, Siciliano et al. [2] found that endophytic hydrocarbon degraders in tall fescue (Festuca arundinacea) and rose clover (Trifolium fragiferum) at an aged-hydrocarboncontaminated site with up to 4% of culturable endophytes possessing genes involved in hydrocarbon degradation.
There is increasing interest in the role of endophytes in phytoremediation application as they can serve as vector delivering biodegradative capacities inside the plant [3] . However, it is not fully understood, whether potentially degrading endophytes are active once inside the plant and thereby contribute to the detoxification of the pollutant and better survival of the plant under toxic conditions.
Hence, the screening of effective microbes among the diverse marine and terrestrial microbial communities has been carried out worldwide for the last few decades. Our search especially focused on least-explored endophytic non-streptomycetes actinobacteria isolated from less-explored medicinal plants since the search for rare isolates proved to be the treasure house of bioactivity with varied applications. Endophytic actinomycetes were usually explored for antimicrobial activities and plant growth promotion studies. This might be the first report which led to the discovery of potent endophytic Nocardiopsis sp. mrinalini9, a new endophytic strain with good biosurfactant and biodegradation property which could address the serious environmental issues.
Materials and methods

Sample collection
Healthy leaf samples of common medicinal plant Hibiscus rosasinensis were gathered from the garden of Nirmala College for Women, Coimbatore (11.0183°N, 76.9725°E) surrounded by Western Ghats of Southern India during the period of December 2011 to January 2012. The collected plant materials were taken to the laboratory, preserved at 4°C in sealed plastic bags, and subjected to isolation work within 96 h.
Isolation of endophytic actinobacteria
Healthy leaf samples were cut into small pieces (2 × 2 cm) and washed by running tap water for 1-2 min to remove the soil particles completely. The resultant were subjected to a five-step surface sterilization procedure as per the method of Sheng et al. [4] : a 4-to 10-min wash in 5% sodium hypochlorite, followed by a 10-min wash in 2.5% sodium sulphite, a 5-min wash in 75% ethanol, a wash in sterile water, and a final rinse in 10% sodium bicarbonate for 10 min to disrupt the plant tissues and inhibit the fungal growth. At this point, the final washed solution was spread onto ISP 2 (yeast extract malt extract agar) and observed for microbial growth to validate the surfacesterilized protocol and the result was negative. After the sterility check, the surface-sterilized tissues were subjected to continuous drying at 100°C for 15 min. The surfacetreated samples were aseptically transferred on humic acid vitamin agar and incubated at 28°C for 2 to 8 weeks [4] . Then, they were purified on yeast extract malt extract agar and incubated at room temperature (28 ± 2°C) for 30 days.
Screening methods for biosurfactant assay
Biosurfactant assay was determined for the pure culture of actinobacteria by seven different methods, namely, (i) hemolysis, (ii) drop-collapsing test, (iii) lipase test, (iv) oil-spreading technique, (v) bacterial adhesion to hydrocarbon (BATH) assay, (vi) penetration assay, and (vii) emulsification assay.
Hemolysis activity Biosurfactant assays of the isolates were evaluated by the hemolysis test on blood agar plate. The isolates were streaked on the blood agar and the plates were incubated at 28°C for 7 days. The plates were then observed for zone of clearance around the colonies as discussed elsewhere [5, 6] .
Drop-collapsing test Two microliters of mineral oil was added to a 96-well microtitre plate and equilibrated for 1 h at 37°C. Five microliters of the culture supernatant was added to the surface of the oil in well. The shape of drop on the oil surface was noted after 1 min. The culture supernatant that collapsed the oil drop was indicated as positive, and the culture supernatant which failed to collapse the oil drop was indicated as negative. Distilled water was used as negative control. The procedure is discussed elsewhere with slight modifications [6, 7] .
Oil-spreading technique In oil-spreading assay, as discussed by Morikawa et al. [8] , 10 μL of crude oil was added to the surface of 40 mL of distilled water in a Petri dish to form a thin oil layer. Then, 10 μL of culture or culture supernatant were gently placed on the center of the oil layer. The presence of biosurfactant would displace the oil and a clear zone would form. The diameter of the clearing zone on the oil surface would be visualized under visible light and measured after 30 s, which correlates to the surfactant activity, also known as oil displacement activity.
Bacterial adhesion to hydrocarbons
The hydrophobicity of the cells can be measured by BATH assay as discussed by Rosenberg et al. [9] . Actinobacterial cells were washed twice with phosphate buffer salt solution and were suspended in it to give an optical density of~0.5 at 600 nm. One hundred microliters of crude oil (diesel) was added to 2 mL of cell suspension and was vortex-shaken for 3 min in test tubes. After shaking, crude oil and aqueous phase were allowed to separate for 1 h. Optical density of the aqueous phase was then measured at 600 nm in a spectrophotometer. Hydrophobicity is expressed as the percentage of cell adherence to crude oil and was calculated as follows: 100 Ã ð1-optical density of the aqueous phase= optical density of the initial suspensionÞ Three independent determinations were made and the mean values were calculated.
Penetration assay This assay relies on the contact of two insoluble phases which leads to a color change as described by Maczek et al. [10] .
In this assay, the cavities of a 96-well microplate were filled with 150 μL of a hydrophobic paste made up of oil and silica gel. This separated paste was covered with 20 μL of oil. Then, 10 μL of a red-staining solution (safranin) was added to 90 μL of the supernatant. That colored supernatant was then placed on the surface of the oil-covered paste.
Emulsification assay Emulsification assay was carried out using petroleum as described by Cooper et al. [11] .
Two milliliters of hydrocarbon, i.e., petrol was taken in a test tube to which 1 mL of cell-free supernatant obtained after centrifugation of the culture was added and was vortexed for 2 min to ensure homogenous mixing of both the liquids. The emulsification activity was observed after 24 h and it was calculated by using this formula:
Total height of the emulsion=Height of the aqueous layer Ã 100
Plastic degradation
Plastic degradation steps were followed as per the standard procedure with slight modifications, as discussed by Kathiresan [12] . The fresh polythene bags and disposable plastic cups were collected and heat-dried at 40°C in hot air oven for 14 days and then cut into small discs of 1-cm diameter. Pre-weighed polythene and plastic discs of 100 mg were aseptically transferred to conical flasks as separate batches containing 50 mL of sterile 0.3% yeast extract broth, inoculated with actinomycetes culture. Control was maintained with polythene and plastic discs in the microbe-free medium. All these flasks were left in a shaker at 37°C for bacterial cultures and 28°C for actinomycetes cultures for 2 months maintaining 180 revolutions/min. After 2 months of incubation, the polythene and plastic discs were washed thoroughly with distilled water and dried over night at 45°C, and then final weight was measured. From the data collected, weight loss of the plastic strip was calculated.
Diesel degradation
Diesel degradation steps were followed as per the standard procedure with slight modifications, as discussed by Smita et al. [13] . For confirming the diesel biodegradation ability of the test isolates, Bacto Bushnell Haas broth was used. The pure culture isolates were introduced into 50 mL of Bacto Bushnell Haas broth incorporated with sterile diesel (1% v/v). Control was maintained with only 1% sterile diesel in the microbe-free medium. All these flasks were left in a shaker at 28°C for actinomycetes cultures for 7 days maintaining 180 revolutions/min. The aliquots in the flask were monitored daily for color change from deep blue to pink and then colorless. On a daily basis, 5 mL of the aliquots were collected from each flask and the absorbance was noted on spectrophotometer at 600-nm wavelength.
Vapor phase transfer diesel utilization test was carried out for the confirmation of actual diesel utilizing microbes with the isolates that showed faster color change in the primary step as per the standard procedure [13, 14] . The isolates that showed faster color change were streaked on mineral salt agar media. The inner side of the Petri dish was covered with a sterile filter paper (Whatman no. 1) saturated with filter-sterilized diesel. Through vapor phase transfer, diesel was used as sole carbon and energy source for the growth of microbes. All the plates were kept inverted and incubated at 28°C for 7 to 14 days for the growth of diesel utilizers.
Identification of actinomycetes
The isolates were identified according to morphological criteria, including characteristics of colonies on plate, morphology of substrate and aerial hyphae, morphology of spores, and pigment production as discussed elsewhere [15, 16] . These isolates were preserved in 20% (v/v) glycerol for subsequent investigation.
Molecular identification
DNA from the potent strain was isolated employing Chromous DNA isolation kit (Chromous Biotech, Bangalore, India) according to the manufacturer protocol. The 16S rRNA gene fragment was amplified by using universal primers corresponding to positions 8 to 27 for the forward primer and 1492 to 1510 for the reverse primer mentioned below (Table 1) .
Forward primer: 5′-AGAGTTTGATCMTGGCTCAG-3′ Reverse primer: 5′-TACGGYTACCTTGTTACGACTT-3′ Sequencing was performed by using Big Dye terminator cycle sequencing kit (Applied BioSystems, Waltham, MA, USA). Sequencing products were resolved on an Applied Biosystems model 3500XL automated DNA sequencing system (Applied BioSystems, USA). Nucleotide sequence of 16S rRNA gene from actinomycetes strain was determined and compared for similarity level with the reference species present in genomic database bank using NCBI BLAST program multiple sequence alignment, and the phylogenetic tree was constructed using MEGA software as described by Tamura et al. [17] .
Results and discussion
Biosurfactant assay
Yeast extract malt extract agar plates spread with the last water from the washing of plant samples failed to grow colonies of microorganisms after 2 weeks of incubation. This indicated that the five-step surface sterilization protocol was effective at killing the epiphytic microorganisms. Thus, the subsequent isolates can be considered true endophytes. Aseptical transfer of surface-treated H. rosasinensis leaf samples and subsequent plating on ISP agar resulted in isolation of five non streptomycetes colonies. Only one non-streptomycetes isolate named as A9 showed distinct biosurfactant, diesel, polythene, and plastic degradation.
On blood agar, it showed a clear zone around the colonies causing lysis of blood (Figure 1 ).
In the drop collapsing test, a drop of surfactant producing culture was flattened on oil surface leading to positive reaction. A9 provided complete spreading due to the reduction in force or interfacial tension between the liquid drop and the hydrophobic surface. The stability of drops is dependent on surfactant concentration and correlates with surface and interfacial tension.
In oil-spreading technique, when the supernatant of the given strain was added to the plates containing oil, it displaced the oil showing a zone of displacement of 4.8 cm.
In BATH assay, after mixing aqueous suspension of washed microbial cells with a distinct volume of a hydrocarbon, petrol for 2 min, the two phases were allowed to separate. Hydrophobic cells were bound to hydrocarbon droplets and had risen with the hydrocarbon. They were removed from the aqueous phase. The turbidity of the aqueous phase was measured. The decrease in the turbidity of the aqueous phase correlates to the hydrophobicity of the cells. The percentage of cells bound to the hydrophobic phase (H) was found to be 54%.
In penetration assay, the presence of biosurfactant was confirmed since the hydrophilic liquid break through the oil film barrier into the paste. The silica is entering the hydrophilic phase and the upper phase changed from clear red to cloudy white within 15 min. The described effect relies on the phenomenon that silica gel is entering the hydrophilic phase from the hydrophobic paste much more quickly if biosurfactants are present. Biosurfactant-free supernatant will turn cloudy but stay red.
In emulsification assay, screening was done by adding 2 mL of diesel fuel to 1 mL of culture supernatant and kept overnight. Around 60% emulsification was observed after 24 h.
Polythene and plastic biodegradation
Polythene degradation is noticed by 22% weight loss whereas plastic degradation is noticed by 10% weight loss in A9 isolate after 2 months compared to negative control ( Figure 2) .
The weight loss in the polythene and plastic after 2 months implies that the organism uses polythene/plastic for their partial degradation. They colonize to form biofilm due to their hydrophobicity which aids in polymer biodegradation activity as discussed by Usha et al. [18] . In the primary degradation, the main chain cleaves leading to the formation of low-molecular weight fragments (oligomers), dimers, or monomers as discussed elsewhere [18, 19] . The degradation is due to the extra cellular enzyme secreted by the organism. These low molecular weight compounds are further utilized by the microbes as carbon and energy sources. The resultantbroken down fragments must be completely used by the microorganisms; otherwise, there will be potential disruption in environmental cycle and resultant health consequences as discussed elsewhere [19, 20] .
Diesel biodegradation
During the primary step of diesel biodegradation, the strain A9 showed the fastest color change in Bacto Bushnell Haas broth medium resulting in decrease of absorbance leading to highest biodegradation (Figure 3) . The same isolate was further tested for vapor phase transfer method. The actinomycetes after 6 days showed better growth confirming to be a better hydrocarbon degrader. The color change in Bacto Bushnell Haas broth medium during the primary step of diesel biodegradation is mainly due to the reduction of the indicator by the oxidized products of hydrocarbon degradation as discussed by Smita et al. [13] . Hence, the given isolate was considered to be potential hydrocarbon oxidizers.
The strain A9 which showed effective biosurfactant and biodegradation properties was identified both in morphological and molecular level.
The isolate produced irregular, raised, grey white colonies with light yellow substrate mycelium on ISP2 agar surface. Dark brown melanin pigment was produced on ISP7 agar medium and no soluble pigments were produced by the isolate. By viewing under ×1,000 magnification, gram-positive rods with rounded ends, branched hyphae with non-motile spores were found. Therefore, based on actinomycetes identification key as discussed elsewhere [15, 16] , the isolate was assigned to the genus Nocardiopsis (Table 2) .
Though it was assigned to the genus Nocardiopsis, the strain did not match with any of the given species. Hence, molecular characterization by 16S rRNA ribotyping and phylogeny analysis was carried out in order to identify isolate A9 up to species level.
Phylogenetic analysis and species identification
Using BLAST search in the NCBI data bank, sequences homologous to 16S rRNA gene of the isolate A9 were collected. The DNA sequences were aligned and phylogenetic tree was constructed using MEGA software (bootstrap method) as described by Tamura et al. [15] (Figure 4) . The evolutionary history was inferred using the neighbor-joining method. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) was shown next to the branches. Comparison of 16S rRNA nucleotide gene sequence of the isolated strain A9 with corresponding Nocardiopsis sequences clearly showed that the organism form a distinct phyletic line with Nocardiopsis genera. The isolate was closely related to the type strain of Nocardiopsis synnemataformans sharing a 16S rRNA gene sequence similarity of 99%. Hence, the molecular results support the classification of the isolate as a new strain which was named as Nocardiopsis sp. mrinalini9. The partial 16S rRNA sequence of isolate A9 (1,061 bp) was deposited in Genbank under the accession number KJ909126. Still, DNA-DNA hybridizations, phenotypic comparisons, and chemotaxonomic analysis need to be performed to confirm its novelty.
Conclusion
In this paper, we have reported the isolation and identification of Nocardiopsis sp. mrinalini9 with remarkable biosurfactant and biodegradation capacity. It was also noted that the same isolate remains endophytic to Neem leaves also as described by Mrinalini et al. [21] . Compared to bacteria and fungi, actinomycetes possess greater potential to degrade hydrocarbons [19, 22, 23] . Especially, Nocardiopsis sp. seems to have higher biosurfactant and biodegradation value [19, 24] compared to Streptomyces sp. which showcases better efficacy of rare actinomycetes. To the best of our knowledge, the novelty lies in the fact that not much research has been carried out on rare actinomycetes present in medicinal plants of Western Ghats of India with regard to its biosurfactant and biodegradation activity. Further studies are in progress with respect to the extraction and purification of biosurfactant from Nocardiopsis sp. mrinalini9 which will have wider applications in industrial process and bioremediation. Microorganisms residing in the floral environment are diverse and unique. Intensive studies must be carried out to unravel its unexhausted reserve of bio-metabolites.
